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1.0 INTRODUCTION 


The purpose of the DM 394 Series I/O Expander (44P0670) is to provide the capability of 
expanding the I/O bus of a 620 Series or V70 Series computer. The DM 394 provides con- 
nection for up to 10 additional peripheral device controllers, BICs, and/or PIMs. All 
input/output signals of the DM 394 have characteristics and timing similar to those of the 


1/O bus which is expanded. 


The DM 394 is a printed circuit version of the earlier wire wrap DM 297 |/O expander. 
The DM 394 is implemented with faster IC types thus presenting less throughput delay and 
control delay. It requires only one card slot instead of three. In addition, it provides 
two priority look-ahead circuits which are not available on the DM 297. The DM 394 
supersedes and replaces the DM 297 for all applications. 
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2.0 FUNCTIONAL DESCRIPTION 


A functional block diagram of the Series \/O Expander is shown in Figure 1. The numbers 
(Pn) within the blocks reference the applicable page of the logic diagram (91C0435). 


2.1 Control Signal Drivers and Receivers 


This section provides the receivers and drivers for receiving and repowering the unidirectional 
1/O bus control signals. Typical circuits for control signals in and for control signals out are 
shown in Figure 2. In addition to being retransmitted, many of the control signals are used 
as control inputs by the control section. 


2.2 Control 


The control section utilizes changes in the I/O bus control signals to determine which way 
the bidirectional |/O E-bus signals will be gated (i.e., towards the computer or away from 
it). These changes fire one-shots which either set or reset an input-output control flip-flop. 
The two outputs of the flip-flop are repowered by inverters to generate the following control 
signals for use by the E-bus receiver and gated driver section: 


Data Transfer Out enables (DTOX1+ and DTOX2+) and Data Transfer In 
enables (DTIX1+ and DTIX2+). 


In the quiescent state, output transfers are enabled. The following conditions switch the 
enable from output transfers to input transfers: 


A. Occurrence of the trailing edge of Function Ready (FRYX) during a Data-Transfer-In 
instruction. 


B. Occurrence of the leading edge of Interrupt Acknowledge (IUAX) during a Trap In 
(TPIX), Trap Out (TPOX), or Interrupt (IUAX). 


The following conditions will switch the enable from input transfers to output transfers: 


Occurrence of System Reset (SYRT). 

Occurrence of the trailing edge of any Data Ready (DRYX). 

Occurrence of the trailing edge of Function Ready (FRYX) during a Trap Out (TPOX). 
Occurrence of the trailing edge of Interrupt Acknowledge (IUAX). 


The control timing is summarized in the timing diagrams of Figure 3. 
2.3 E-Bus Receivers and Gated Drivers | 


This section contains the receivers and gated drivers for receiving and repowering the bi- 
directional E-bus. A typical circuit for the E-bus line is shown in Figure 2. The drivers 

are gated by data-transfer-in enable (DTIX1+,2+) and data-transfer-out enable (DTOX1+, 2+) 
signals.from the control section. These signals control the direction of data flow through 

the board. 
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2.4 Priority Wiring 


Four twisted pairs are provided on the board to bring priority lines through the board between 
the Pl connector of the board and the J1 connector (typical circuit shown in Figure 4). In 
addition, one twisted pair is provided between P1 and J2 to bring Rotating Memory Data 
Guard (RMDAG-) through the board. Provision is made for five more twisted pairs which 
can be added at the users option for bringing additional priority lines mrepah the board 
(between Pland J2). 


20 Priority Look-Ahead 


Two separate priority look-ahead circuits are provided for convenience in system configuration. 
A typical circuit is shown in Figure 4. 


Each circuit receives its inputs and outputs via the Pl connector. However, uncommitted 
priority line pins on the J2 connector may alternatively be tied into the look-ahead circuits 
using the E-points provided on both the pins and the look-ahead circuits. 
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3.0 PHYSICAL DESCRIPTION 


The DM 394 Series |/O Expander is packaged on one 7 3/4-by-12-inch printed circuit board 
and requires only one I/O board slot. The Series |/O Expander Option (01P1095) also 
includes a term shoe and an expansion cable. The expansion cable attaches to the JI and 
J2 connectors of the board and has a paddleboard connector at the opposite end for plugging 
into the expanded bus backplane. 
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4.0 INTERFACE DATA 
4,1 Logic Levels 


False 7 +2.4VDC to +3.2 VDC 


True = 0 VDC to+0.5 VDC 

4.2 Signal Definitions 

Mnemonic Description Function 

EBOO-1 through 

EB17=1 E-bus lines 00 through 17 Bi-directional |/O bus data lines used to transmit 
data between the CPU and the I/O controllers. 

FRYX-I Function ready ° I/O bus control line from the computer used to 
indicate to the external device controller that the 
computer has placed a device address and a con- 

: trol code on the E-bus. Also, used during a DMA 
and/or interrupt to indicate that the computer has 
read the address from the E-bus. 

DRYX-I Data ready 1/O bus control line from the computer used to 
indicate to the external device controllers that am, 
the data transfer has been completed during a 
data transfer instruction or DMA sequence. 

IVA X-1 Interrupt acknowledge 1/O bus control line from the computer used to 
acknowledge to the requesting external device con- 
troller that a DMA or interrupt operation is in 
progress. : 

1UCX-I Interrupt clock 1/O bus clock line used to synchronize DMA and 
interrupt operation on the I/O bus. 

IUIJX-1 Interrupt jump 1/O bus control line used to inhibit all interrupting 
device controllers on the |/O bus when a jump-and- 
mark instruction occurs during an interrupt sequence 

IURX-I Interrupt request 1/O bus control line from a peripheral controller or 
PIM requesting the computer to initiate an interrupt 
cycle. 

PRnX-l Priority line n 1/O bus priority line n where n= 1, 2, 

SYRT-I System reset 1/O bus control line from the computer used to 
initialize external device controllers on the I/O bus 

(continued) am, 
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Mnemonic Description | Function 


SERX-I Sense response 1/O bus control line used to transmit the status of 
a selected external device condition from the 
selected external device controller to the computer. 


Trap in request — I/O bus control line from a peripheral controller 
or BIC requesting the computer to initiate a trap 
(DMA) in cycle. 


Trap out request I/O bus control line from a peripheral controller 
or BIC requesting the computer to initiate a trap 
(DMA) out cycle. 


Mnemonics for corresponding signals on the expansion I/O bus end 
in "-IX" instead of "-I". 
4.3 Terminations 
The terminations for one end of the expansion I/O bus are located on the DM 394 board. A 


term shoe is supplied with the Series |/O Expander option to provide the terminations for the 
other end of the expansion I/O bus. 
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4.4 Pin Assignments 


4.4.1 Main I/O Bus 

Name Connector - Pin 
GRD Pl- 1 
EBOO-| - 2 
R - 3 
EBOI-| ~ 4 
R - 5 
EBO2-| 2 6 
R - 7 
EBO3-| - 8 
R - 9 
EBO4~| -10 
EBO5-| -11 
EBO6=| -12 
EBO7-| -13 
EBO8-| -14 
EBO9-| -15 
EB10-1 -16 
EB11- -17 
EB12-I -18 
EB1I3-1 -19 
EB14={ -20 
EBI5-I -2) 
R -22 
R 24 
R -26 
FRYX-1 -27 
DRYX-I -29 
R -30 
SERX-I -31 
R -32 
TPIX-I -33 
R -34 
TPOX-I -35 
R -36 
PRIX-I -37 
R -38 
PR2X-I -39 
R -40 
PR3X-I | -41 
PR4X-| ~42 
SYRT-I ~43 
continued 
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Connector —- Pin 


PRSX-1 


PR6X-I -63 
R ~64 
PR7X-| -65 
R -66 
PR8X-I -67 
R -68 
PROX-I | -69 
R -70 
RMDAG- -71 
R -72 
LAIA- -80 
R | -81 
LA 1B- -82 
R -83 
LAIO- -84 
R -85 
LA2B- -86 
R -87 
LA2C- -88 
R -89 
(Ret) LA2O- -90 
R -91 
R -105 
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4.4.2 Expanded 1/O Bus 


Name Connector ~ Pin 
EBI3=IX Jl- 2 
R - 3 
EB14-1X ne | 
R - 5 
EBI5-IX 3.8 
R -7 
FRYX-IX - 8 
R -9 
DRYX-IX -10 
R -11 
SERX-1X -12 
R ~13 
TPIX-IX -14 
R -15 
TPOX-IX.- ~16 
R -17 
lUJX-IX -18 
R -19 
SYRT-IX -20 
R -21 
IUAX-1X -22 
R -23 
IUCX-=IX ~24 
R . ~25 
IURX-1X -26 
R -27 
PRIX-IX ~30 
R =-31 
PR2X-1X ~32 
R -33 
PR3X-1X ~34 
R =35 
PR4X-IX ~36 
R -37 
EBOO-IX J2- 2 
R - 3 
EBO1-1X me | 
R -5 
EBO2-IX ne 
R -7 
EBO3-IX - 8 
R -9 
continued 
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Name 


EBO4-1X 
R 
EBOS-IX 
R 
EB06-1X 
R 
EBO7-IX 
R 
EBO8-IX 
R 
EBO9=-1X 
R 
EB10-1X 


R 
EBI1-IX 
EBI2-1X 
R 
R 
PR6X-1X 
R 
PRSX=1X 


R 
PR7X-1X 
R 
PR8X-1X 
R 
PRIX=-1X 
R 


RMDAG-IX 


R 
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Connector - Pin 


J2-10 
-11 
-12 
-13 
-14 
-15 
-16 
-17 
-18 
-19 
-20 
-21 
-22 
-23 
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5.0 FEATURES AND OPTIONS —s 


5.1 When more than one DM 394 Series 1/O Expander is required in a system, 
the expanders must be placed in parallel on the computer 1/O© bus (not in series). 


5.2 Each DM 394 presents one load to the computer I/O bus. The computer I/O 
bus can drive 10 loads maximum. 


5.3 Each DM 394 can drive up to 10 loads maximum. 
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APPENDICES 


Reference Documents 


O1P1095, O1A1095 Parts list and top assembly, |/O Expander Option. 
44P0670, 44D0670 Parts list and assembly, Series |/O Expander Board 
40D0606 PW board, Series 1/O Expander 

97E0835 Artwork, Series / © Expander 

97E0836 | Soldermask, Series 1/O Expander 


9100435 | Logic diagram, Series [/O Expander 
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